INTRODUCTION
Crataegus L. (the hawthorns) is a well-defined genus that is traditionally defined as belonging to the tribe Crataegeae, subfamily Maloideae of the Rosaceae (Tutin et al ., 1990; Phipps et al ., 1991; Lippert, 1995) . The genus Crataegus consists of deciduous small trees and shrubs widely distributed in the North Temperate Zone, chiefly in North America, where numerous species have been described according to a variety of authors (reviewed by Fineschi et al ., 2005) . The high number of species in the genus may be a result of the current trend of recognizing nearly all geographically and morphologically deviating groups of populations of Crataegus as different species. According to Christensen (1992) , the number of Crataegus species could vary between 150 and 1200. Among the 50-100 Old World species (Christensen, 1992) of Crataegus L., the taxa of the section Crataegus occurring in Europe, northern Africa and western Asia stand out as those having small leaves with 1-4 pairs of lobes, usually extending 0.5 times or more the width of the lamina to the midrib, and ventrolaterally sulcate or smooth pyrenes (Christensen, 1992) .
Taxonomic problems in the genus Crataegus and the description of a large number of new species and nothospecies during the last century by Old World botanists are the result of several factors such as hybridization (Phipps, 2005) , introgression, polyploidy and probably apomixis, which may occur and confuse the lines between species (Christensen, 1992; Lippert, 1995) . Within this genus, inherently variable species occur, such as C. monogyna on which different types of leaf blades can be found, a feature which is considered to be of taxonomic significance in other species (Christensen, 1992) .
Crataegus is well distributed in the southern area of Syria as a wild plant. As a consequence of its medici-nal effects (e.g. Shahat et al ., 2002) and the presence of edible fruits in certain species, this genus is considered as an extra source of income for local farmers. The data for Crataegus in the region of Syria and the Middle East are confused, ranging from two (Muzher, 1998) to 13 (summarized in Dmeria, 2001 ) Crataegus species described. In the Flora of Syria, Palestine and Egypt (Post, 1896) , five Crataegus species are described: C. azarolus L. , C. × sinaica Boiss., C. oxycantha L ., C. monogyna Jacq. and C. orientalis M.Bieb. This leads to the conclusion that the morphological characters are somewhat weak for identifying different species and the borders between each individual species. In the Al Arab mountains, Sweida province, Syria, the occurrence of C. × sinaica and C. azarolus is known. The latter species is frequently utilized as a fruit plant in this area and is therefore cultivated in orchards.
In order to provide further phylogenetic insights, DNA sequence data may be used to elucidate the relationships between taxa of uncertain placement resulting from the absence of, or conflict between, morphological characters (Crawford, Kimball & Tadesse, 2001; Peterson et al ., 2004) , as is the case in the genus investigated here.
This study is intended to characterize different species of Crataegus in the Al Arab mountains, Sweida province, Syria, by analysing the noncoding intergenic regions of chloroplast DNA (cpDNA). During the last decade, cpDNA variation has received growing attention in the field of evolutionary biology in plants. There are many features, primarily the conservative mode of evolution and uniparental inheritance, which make chloroplast DNA a valuable molecule for phylogenetic studies (Palmer et al ., 1988; Raspé, 2001) . Noncoding regions of cpDNA may also provide useful phylogenetic information at a lower taxonomical level (Peterson et al ., 2004) . In order to assess interspecific relationships in the genus Crataegus in Syria, we investigated the psb A-trn H region. This is an intergenic spacer (Aldrich et al ., 1988) between the psb A gene, which codes for the PSII D1-protein, the trn H (GUG), which codes for one tRNA that transfers the amino acid histidine, and the trn L-trn F intergenic spacer, which represents the most frequently used noncoding region of cpDNA in phylogenetic studies (Sang, Crawford & Stuessy et al ., 1997; Potter et al ., 2002) . Taxonomic decisions on the investigated Crataegus species are not only based on molecular data, but also on morphological characters.
MATERIAL AND METHODS P LANT MATERIAL AND MORPHOLOGICAL STUDY
The Crataegus samples represent the full range of variation within the genus in the region of Al Arab mountain, Sweida Province in southern Syria. Plant material from 40 individuals was collected and each tree was labelled, documented photographically and investigated morphologically. According to the morphological analyses, three Crataegus species could be recognized: Crataegus azarolus (17 individuals), C. × sinaica (22 individuals) and C. monogyna (1 individual). All three species belong to the section Crataegus .
For comparative genetic analysis, additional samples of other Crataegus species from the section Crataegus -C. laevigata DC., C. × media Bechst., C. rhipidophylla Gand., C. monogyna from Europe, and also one representative from the section Sanguinea (Schn.), C. nigra Waldst. & Kit. -were collected or taken from vouchers (Table 1) .
In all three Syrian Crataegus species (Fig. 1 ), we studied 13 major and informative morphological features (Table 2 ) used by Christensen (1992) in his (Lippert, 1995) , an additional detailed study of the leaf stomata was carried out. The stomata in a total of 250 leaf quadrants (each 1 mm 2 ) of each species (five samples from C. azarolus, five samples from C. × sinaica, representing the full range of variation of this species and the single C. monogyna sample from Syria), were numbered.
DNA AMPLIFICATION AND SEQUENCING
DNA was isolated from dried young leaves (50 mg) from 11 of the 40 sampled individuals of Syria (five samples from C. azarolus, five samples from C. × sinaica, representing the full range of variation of this species, and the single C. monogyna sample) and additionally from the samples numbered in Table 1 using the DNeasy Plant Mini Kit (Qiagen), following the manufacturer's protocol. PCR was performed with 50 ng genomic DNA in 20 µL reactions (Ready To Go PCR Beads, Amersham Bioscience) in the GeneAmp PCR System 9700 (Perkin Elmer). The primer sequences for amplifying the chloroplast intergenic regions were for trnL-trnF: 5′-AAAATCGTGAGGGTT CAAGTC-3′ and 5′-GATTTGAACTGGTGACACGAG-3′ (Sang et al., 1997) ; for psbA-trnH: 5′-GTTATGCATG AACGTAATGCTC-3 (Sang et al., 1997; Shaw & Small, 2004 ) and 5′-CGCGCATGGTGGATTCACAATCC-3′ (Shaw & Small, 2004) . The primers were used in a concentration of 25 µM. The PCR conditions for trnL-trnF and psbA-trnH were as follows: 95 °C for 2 min for DNA denaturation, followed by 30 cycles: denaturation at 95 °C for 40 s, primer annealing at 56 °C for 45 s, primer extension at 72 °C for 45 s, and a final extension step at 72 °C for 5 min. The PCR products (single bands) were purified after gel separation (1.5% agarose gel) with the utilization of the Mini Elute Gel Extraction Kit (Qiagen). PCR products were quantified by agarose gel electrophoresis. The sequencing of the PCR products was carried out immediately after isolation following the cycle sequencing procedure (Big Dye TERMINATOR v. 1.1 Cycle Sequencing Ready reaction Kit; Applied Biosystems) in a volume of 16 µL containing 100 ng DNA and 5 µM primer (the same primer which had been utilized for PCR). The cycling parameter was performed as following: 25 cycles of 10 s at 96 °C for denaturation, 5 s at 56-60 °C for primer annealing [56 °C for psbA-trnH (forward), trnL-trnF (forward and reverse), 60 °C for psbA-trnH (reverse)] and 4 min at 60 °C for primer extension. The sequencing products were purified by ethanol precipitation and separated and analysed on an automatic DNA analyser (ABI 310; Applied Biosystems). All sequences have been deposited in the EMBL gene bank (accession numbers Table 1 ).
SEQUENCE ALIGNMENT AND PHYLOGENETIC ANALYSES
The sequences were aligned first by eye and subsequently with the aid of CLUSTAL W v.1.8 (BCM Search Launcher, USA). Mutations (substitutions and indels) and their positions were characterized (Tables  3, 4 ). An analysis of nucleotide diversity among Crategus (Table 4) was conducted and P i values were calculated using DNAsp software (Rozas et al., 2003) .
Alignment was carried out with Crataegus and outgroup sequences (Prunus persica and P. laurocerasus; 
C. azarolus
Position ( Wachter, 1994). Neighbour-joining analyses were conducted by calculating Kimura's (1980) two-parameter distance (insertion/deletion in account). The phylogenetic tree based on a combined molecular dataset (psbA-trnH and trnL-trnF) was generated. Outgroup sequences taken from EBML gene bank are indicated with an asterisk (Table 1) . Bootstrap analyses (2000 replicates) were carried out with the aid of TREECON. The topology of the NJ tree was interpreted through the following categories of bootstrap support (Zomlefer et al., 2001 ): unsupported (< 50%), weak (50-74%), moderate (75-84%), and strong (85-100%).
RESULTS MORPHOLOGICAL STUDY OF SYRIAN CRATAEGUS

SPECIES
In the Arab mountains, Sweida Province, Syria, three Crataegus species were recognized: C. azarolus var. aronia L., C. × sinaica Boiss. ssp. sinaica and C. monogyna var. monogyna Jacq. In the examination of these species, fruit colour, fruit size, number of pyrenes, flowering period, density of thorns, tree shape and leaf shape are all major distinguishing features (Table 2 , Fig. 1 ). While C. azarolus var. aronia and C. × sinaica ssp. sinaica are frequent in the investigated region, C. monogyna var. monogyna is rare. We discovered only one representative of this species. Crataegus × sinaica ssp. sinaica is extreme variable within the investigated region of Syria. From the samples discovered within this complex, some are more closely related to C. azarolus var. aronia and others more to C. monogyna var. monogyna in consideration of fruit colour, fruit size, number of pyrenes, thorns length and leaf shape (Table 2, Fig. 1 ). Substantial differences between C. × sinaica ssp. sinaica and C. azarolus var. aronia could be found in the indumentum of the leaves, the shoots and the inflorescences.
We found a high average number of stomata (6.3-10.7/mm 2 ) on the underside of the leaves in all three Syrian Crataegus species (Table 2) . We found a relatively high number of stomata (2.3/mm 2 ) on the upper leaf side in all investigated C. azarolus var. aronia samples. Additional stomata (0.9/mm 2 ) on the upper side of the leaf were also found in C. × sinaica ssp. sinaica, while C. monogyna var. monogyna do not have stomata on the upper leaf side (Table 2) .
NUCLEOTIDE SEQUENCES OF THE CPDNA INTERGENIC
REGIONS IN CRATAEGUS Among Crataegus, a total of 415 nucleotide positions of the trnL-trnF intergenic region were aligned (Table 3a) . According to the results of the trnL-trnF intergenic region (Table 3a) , we found that all samples of C. monogyna, C. laevigata, C. × media, C. rhipidophylla and C. × sinaica had an identical sequence with a length of 409 bp. Crataegus nigra had the same sequence length but two single nucleotide substitutions. Comparing the sequence of C. azarolus (415 bp) to each of the sequences of C. monogyna, C. laevigata, C. × media, C. rhipidophylla and C. × sinaica, C. azarolus had an informative insertion of six nucleotides (Table 3a) . We found identical sequences for all investigated C. monogyna samples from Germany, Greece and Syria (Table 1) which diverge from the EMBL entry of C. monogyna of Guemes Island, Washington State: AF348541 (Potter et al., 2002) in one nucleotide (AF348541: deletion of T in position 29).
Among Crataegus, a total of 274 nucleotide positions of the psbA-trnH intergenic region were aligned (Table 3b ). For psbA-trnH (Table 3b ), all sequences of C. monogyna, C. laevigata, C. × media and C. rhipidophylla were identical in sequence and length (266 bp). Comparing the sequence of C. × sinaica (267 bp) to those of C. monogyna, C. laevigata, C. × media and C. rhipidophylla, we found an insertion of one nucleotide in C. × sinaica (Table 3b) , which was also found in C. azarolus (position 270, Table 3b ). Comparing the sequence of C. azarolus (269 bp) to those of C. monogyna, C. laevigata, C. rhipidophylla, we found three one nucleotide insertions in C. azarolus and also one additional substitution site. Comparing all other sequences to those of C. nigra (258 bp), we discovered here one substitution site, an insertion of 5 nucleotides and a deletion of 15 nucleotides (Table 3b) .
Generally, the nucleotide diversity in the investigated intergenic cpDNA regions was relatively low, whereby P i was higher in the investigated psbA-trnH intergenic region (Table 4) .
A total of 725 nucleotide positions from Crataegus and out-group taxa (Prunus, Table 1) were aligned. The neighbour-joining tree produced by the combined data of both trnL-trnF and psbA-trnH intergenic regions is shown in Figure 2 . All investigated species of section Crataegus series Crataegus, are grouped together in the phylogenetic tree and are separated from other investigated Crataegus sections and series. The putative hybrid C. × sinaica section Crataegus nothoseries Orientaegus (Fig. 2) , indicated in the tree by an asterisk, is grouped with the series Crataegus.
DISCUSSION
According to our data, three clear morphologically distinguished Crataegus taxa occur in the Al Arab mountains, Sweida province in southern Syria: C. azarolus var. aronia, C. × sinaica ssp. sinaica and C. monogyna var. monogyna. According to Christensen (1992) , these three species all belong to the section Crateagus, which includes 26 species (Christensen, 1992) .
Crataegus azarolus represents the series Orientalis (Schn.) Pojark. which has four additional species (Dönmez, 2005) : C. pontica K.Koch, C. orientalis M.Bieb., C. heldreichii Boiss. and C. yaltirikii Dön-mez. Crataegus azarolus can be differentiated clearly from all investigated species of the series Crataegus: C. monogyna, C. laevigata, C. × media (C. monogyna × C. laevigata), C. rhipidophylla and also from C. × sinaica (nothoseries Orientaegus K.I.Chr.) through molecular and morphological data. Crataegus azarolus is distributed from the Mediterranean region through Iraq, Iran, and Turkmenistan to southern Kazakhstan, Uzbekistan, Tadjikistan, and Kyrgyzistan (Christensen, 1992) . This species is commonly cultivated within its natural range for its large, edible fruits and its wood. In the recent monographic study of the genus Crataegus, Christensen (1992) Crataegus monogyna is a representative of the large series Crataeagus, of which 19 species exist (Christensen, 1992) . The sample of C. monogyna from Syria represents the var. monogyna. In the investigated region of southern Syria, this species is rare. Crataegus monogyna is distributed from southern Scandinavia to northern Africa, Caucasia, the Crimea, Turkey, the Middle East, northern Iraq and north-western Iran, and is cultivated and escaping in Argentina, Canada, America and New Zealand (Christensen, 1992) .
Crataegus × sinaica as a supposed hybrid (hybrid parentage: Crataegus ser. Crataegus × Crataegus ser. Orientales; Christensen, 1992) is classified in the nothoseries Orientaegus K.I. Chr. which has three nothospecies. In our study in southern Syria, C. × sinaica ssp. sinaica was recognized. This subspecies is distributed in Sinai, Cyprus, Lebanon, Asian Turkey and Syria (Christensen, 1992) . Our morphological and molecular results agree with the study of Christensen (1992) in which C. × sinaica is considered as a C. azarolus × C. monogyna hybrid. In the investigated region of southern Syria, C. × sinaica is morphologically variable. In a comparison of fruit colour and size, the number of pyrenes, the length of thorns and the distribution of stomata, C. × sinaica is an intermediate between C. azarolus and C. monogyna. These morphological features indicate the hybrid origin of C. × sinaica. Clear evidence that C. azarolus is one of the parents of C. × sinaica is the existence of stomata on the upper side of the leaves, which so far have only been described for C. azarolus (Lippert, 1995) .
Generally, in our study we focused on the description of concrete morphological features to distinguish between C. azarolus, C. monogyna and their putative hybrid. Considering this fact, we decided that a numerical analysis was not necessary. Large differences between C. × sinaica and C. azarolus, allowing their easy differentiation, could be found in the indumentum of the leaves, the shoots and the inflorescences. Discrimination between C. × sinaica and C. monogyna is sometimes problematic owing to the existence of C. × sinaica individuals that are closely related to the latter. However, we were able to show that some features, especially the fruit size, fruit colour and presence and density of stomata on the upper side of the leaves, are clearly intermediate in C. × sinaica. In C. monogyna, stomata are absent on the upper side of the leaves.
Cytoplasmic genomes are inherited maternally in all Rosaceae studied up until now (Fineschi et al., 2005) . Depending upon inheritance patterns, organelle DNAs may permit the identification of the (McDade, 1992) ; maternal inheritance is the most common mode of transmission of the chloroplast genome in angiosperms. With the aid of chloroplast nucleotide sequences, we discovered that the putative female parent of C. × sinaica could be C. monogyna. This species is the only member of the section Crataegus series Crataeagus, which we found present in the region of Al Arab mountains, Sweida Province, Syria. However, identical or similar cpDNA sequences (trnL-trnF, psbA-trnH) were not only found in C. monogyna which has been collected from different regions throughout the world (Germany, Greece: Crete, Syria and USA), but additionally in all of the investigated species of the series Crataegus (C. laevigata, C. × media, C. rhipidophylla). According to these molecular results, other species of the section Crateagus series Crataeagus could also be considered as the maternal part of C. × sinaica.
According to our molecular results, C. nigra, a representative of the mostly Eastern Asian section Sanguineae (Schn.), is clearly differentiated from all members of the section Crataegus including C. azarolus. Our results show that the investigated cpDNA intergenic regions may be suitable for a separation of Crataegus at the section and series levels, but not at the species level.
Initial results (Albarouki, unpubl. data) show that the trnS-trnG intergenic region and the trnG intron have insufficient DNA variation at the infraspecific level in Crataegus. The samples in a study of European C. monogyna Jacq. and C. laevigata DC. displayed a low level of genetic diversity assessed with the aid of chloroplast markers, discovered in this study through PCR-RFLP and microsatellite (SSR) techniques (Fineschi et al., 2005) .
In order to achieve a greater phylogenetic insight into this genus, several more phylogenetically informative sites should be considered. The search for parental species-specific markers in a presumed hybrid taxon such as C. × sinaica is the most straightforward strategy to document hybrid origin on molecular grounds; we therefore suggest the investigation of the ITS region (Eriksson, Donoghue & Hibbs, 1998; Booy, Van der Schoot & Vosman , 2000) or other nuclear regions that are perhaps species specific, in order to gain further insight into its hybrid character. In addition, detailed numerical analyses of morphological data (e.g. those shown in a study of hybridization among Tilia species by Wicksell & Christensen, 1999) could help to reveal further insights in the complex variation patterns in the genus Crataegus.
In general, this study contributes to our understanding of the morphological weakly distinguishable Crataegus species complex. The morphological and molecular characterization of the three Crategus species: C. azarolus var. aronia, C. × sinaica ssp. sinaica and C. monogyna var. monogyna in southern Syria contributes to our understanding of the distribution of Crateagus in the region of Syria and the Middle East. For the first time, chloroplast nucleotide sequences (trnL-trnF, psbA-trnH) were utilized to clear phylogenetic relationships within this genus. These molecular data are consistent with existing infrageneric taxonomy. Our morphological analysis and the cpDNA sequence data indicate that the putative female parent of C. × sinaica is C. monogyna. The investigated cpDNA intergenic regions may however, only be suitable for a separation of Crataegus on section and series levels but not on a species level.
